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New and Noteworthy 62
Introduction6 tool to monitor CBF, CMRO 2 , CMR glu and lactate production in global cerebral hypertension. We 96 examined the correlation between brain NIRS values with CBF as CPP is reduced as well as 97 the association of NIRS with CMRO 2 , CMR glu and lactate production. 
NIRS
near-infrared spectroscopy 106 9 vecuronium at 0.1-0.4 mg/kg/hr was initiated and continued throughout the study. At the end of 133 the protocol, the animal was sacrificed with Euthasol. Then, the brain was removed and stored 134 at 4°C until dissection the following day. A sample of kidney tissue was also collected. 135
136
Experimental protocol 137
and recorded throughout the experiment. As necessary, MAP was supported with fluid boluses 149 and/or an epinephrine infusion. 150
To evaluate the effect of multiple microsphere injections on NIRS and regional CBF, two 151 animals underwent the experimental preparation without elevation of ICP. NIRS and CBF were 152 measured using the same timeline as if the animal was subjected to injury. 153
Regional CBF and renal blood flow were measured using the established colored 156 microspheres technique (20). Dye-Trak VII+ microspheres (4.5-5.4 × 10 6 microspheres, Triton 157
Technologies Inc, San Diego, CA) were sonicated for 1 minute and then injected into the left 158 ventricle over 30-45 seconds. Starting just prior to the injection, arterial blood was drawn for 159 reference at a rate of 3.0 mL per min for 120 seconds. 160
Tissue processing was performed as described by the manufacturer (19). Briefly, the 161 brain was dissected into regions, the tissue placed into pre weighed centrifuge tubes and the 162 net weight of the sample calculated. Samples typically ranged from 2 to 5 grams. As 163 recommended, blue process control was utilized to account for loss of microspheres during 164 processing. Alkaline digestion reagent was added to each of the tissue and reference blood 165 samples and placed in an oven at 50°C for overnight digestion. Samples were then filtered 166 using a 10 μm polyester filter membrane (Triton Technology, Inc., San Diego) and rinsed first 167 with water and then ethyl alcohol. Once dry, the filter was carefully placed into a 15mL 168 polypropylene centrifuge tube and acidified cellosolve acetate solution was added to each tube 169 and the tube vortexed. After standing for one hour at room temperature, the filter was removed 170 and the tubes centrifuged for 10 minutes at 1,500 X g at 25°C. Subsequently, the samples were 171 analyzed spectrophotometrically at 670, 590, 545, 495, 440, and 390 nm. If absorbance was 172 greater than 1.8, the sample was diluted with acidified cellosolve acetate and reread. Data were 173 entered into a spreadsheet provided by the manufacturer that calculates blood flow and corrects 174 the results for loss of spheres and, as recommended, it was verified that all regions contained a 175 minimum of 400 spheres. The correlation of brain NIRS or CPP with CBF, CMRO 2 , CMR glu and cerebral lactate production 196 was determined using simple regression. After evaluating several models, the optimal one was 197 Seven piglets were subjected to the experimental procedure. As shown in Table 1 This is the first study to compare brain NIRS with CBF and measures of cerebral 242 metabolism while the brain is subjected to incremental decreases in CPP. We found that brain 243 NIRS is correlated with CBF, CMRO 2 , CMR glu and lactate production. In addition, the correlation 244 between NIRS and CBF was better than that between CPP and CBF. 245
We used a model of global cerebral hypertension to allow for consistent measurement of 246 CBF, CMRO 2 and CMR glu and lactate production. We attempted to maintain the same level of 247 anesthesia during the protocol so as to minimize the cerebral vasodilatory effects of the 248 anesthetics. The actual CPP measurements were close to those that were targeted and MAP 249 did not differ throughout the experiment. Brain temperature was stable at all CPPs except at 20 250 mm HG in which there was a slight decrease, likely reflecting the severe decrease in CBF at this 251 CPP. The partial pressure of CO 2 was maintained at the normal levels of 45-55 for piglets (21), We found that the NIRS was highly correlated with CBF. Although the NIRS optode was 263 placed over the left temporal region and measured tissue oxygen saturation in this area, there 264 was a strong association between decreases in CBF with NIRS in all other regions of the brain. 265
Only one previous investigation has evaluated the use of NIRS in intracranial hypertension.measured by oximetry but this likely introduced minimal error. One other limitation in this 319 experiment was the time spent at each CPP level. While we believed that twenty minutes was 320 adequate for stabilization, it might have been too short to observe changes in glucose 321
metabolism. 322
We conclude that cerebral NIRS has great potential as a bedside monitor of CBF in 323 global cerebral hypertension. Further studies are needed to evaluate the utility of this instrument 324 in focal brain injury. 325 Table 1 : Physiologic parameters, blood gas values, glucose, lactate and hemoglobin at each CPP (mean ± SD). Table 2 : Cerebral blood flow at each CPP (mL/min/100 gm; mean ± SD) and correlation with NIRS (mean r[95% CI]). Table 3 : CMRO 2 (ml O 2 /min/100 gm tissue), CMR glu (mg glucose/min/100 gm tissue) and cerebral lactate production (mg lactate/min/100 gm tissue) at each CPP (mean ± SD) and correlation with NIRS (mean r[95% CI]) in the left hemisphere. Mean±SD. 419
